Background/Aims: Osteosarcoma (OS) is the most common primary malignant bone tumor tumorigenesis and progression are still poorly understood. Circular RNAs (circRNAs) have been This study aims to investigate the global changes in the expression pattern of circRNAs in osteosarcoma and provide a comprehensive understanding of differentially expressed circRNAs. Methods: Microarray based circRNA expression was determined in osteosarcoma cell lines and mRNA interaction network was predicted using bioinformatics. Gene Ontology analysis and 4 predict the functions of differentially expressed circRNAs. Results: We revealed a number of role of circRNAs in OS. Among these differentially expressed circRNAs, hsa_circRNA_103801 was up-regulated in both osteosarcoma cell lines and tissues, while hsa_circRNA_104980 was down-regulated. The most likely potential target miRNAs for hsa_circRNA_103801 include hsamiR-370-3p, hsa-miR-338-3p and hsa-miR-877-3p, while the most potential target miRNAs of hsa_circRNA_104980 consist of hsa-miR-1298-3p and hsa-miR-660-3p. Functional analysis and angiogenesis pathway, the Rap1 signaling pathway and the PI3K-Akt signaling pathway, while hsa_circRNA_104980 was related to some pathways such as the tight junction pathway.
functional analysis could provide a comprehensive understanding of hsa_circRNA_103801 and hsa_circRNA_104980, which may be involved in the initiation and progression of osteosarcoma. The present study indicates that circRNAs may play important roles in osteosarcoma and thus serve as biomarkers of osteosarcoma diagnosis and treatment.
ntro uction
Osteosarcoma(OS) is the most common primary malignant bone tumor, which mainly affects children and adolescents [1] . The prognosis of patients with osteosarcoma can be improved with the combination of surgery and chemotherapy, and the 5-year survival rate has reached 60% to 70% in recent years [2] . However, a considerable number of patients respond poorly to chemotherapy and have a high risk of local relapse or lung metastasis even after normative chemotherapy and curative resection of the primary lesion [3] . And the precise molecular mechanisms involved in the tumorigenesis, chemotherapy resistance and lung metastasis of osteosarcoma are still poorly understood. Moreover, there are almost no effective diagnostic markers or therapeutic targets for osteosarcoma patients, which strongly limits improvements in prognosis. Therefore, one strategy to avoid chemo-resistance, reduce lung metastasis and improve clinical outcomes is to identify effective diagnostic biomarkers or therapeutic targets that play important roles in osteosarcoma.
Circular RNAs (circRNAs), are a class of non-coding RNAs (ncRNAs) that regulate transcriptional and posttranscriptional gene expression [4] . Unlike traditional linear RNAs, closed continuous loop containing multiple microRNA (miRNA) binding sites capable of sequestering miRNAs with their own miRNA response elements (MREs) [5, 6] . Intracellular circRNAs with competing endogenous RNAs (ceRNAs) activity may act as miRNA sponges that sequester miRNAs by binding miRNAs with MREs, which strongly suppress miRNA activity and result in increased levels of miRNA target genes [7, 8] . Therefore, circRNAs have been considered important biological regulators for understanding the molecular mechanisms of disease and identifying effective diagnostic biomarkers or therapeutic targets.
Recent studies have shown and emphasized the importance of circRNAs in regulating cancer-related signaling pathways [9, 10] . Additionally, circRNAs may be associated with tumor types and serve as risk factors for some types of cancer [11, 12] . To our knowledge, however, little is known about the expression and function of circRNAs in osteosarcoma. In osteosarcoma. We also performed a systemic bioinformatics analysis to identify circRNAs that are essential for the biological processes of osteosarcoma, which may provide potential targets for the development of novel diagnostic and therapeutic strategies against osteosarcoma.
aterials an et o s

Cell culture
The human osteoblast hFOB1.19 and the human osteosarcoma cell lines U2OS, MG63, HOS and 143B were obtained from the American Type Culture Collection (ATCC). hFOB1.19 was cultured by following the culture method described by ATCC. The ZOS and ZOS-M cell lines have been described previously [13] . U2OS/MTX300 cells, a methotrexate-resistant derivative of the U2OS human osteosarcoma cell line, were provided by Dr. M. Serra (Istituti Ortopedici Rizzoli, Bologna, Italy) and were continuously cultured in the 
RNA extraction and RNA Sample QC
of each sample was assessed by denaturing agarose gel electrophoresis.
Labeling and hybridization
The sample preparation and microarray hybridization were performed based on Arraystar's standard circRNAs is shown in Fig. 1 .
Microarray data collection and analysis
was used to analyze the acquired array images. Quantile normalization and subsequent data processing were performed using the R software limma package. Differentially expressed circRNAs between two the R software limma package was used for normalization. And data transformation was performed by using the basic functions of R software. The package gplots and function heatmap2 in R software were used for mapping. And the distance metric was euclidean distance.
The full set of raw data from this study was deposited in NCBI's Gene Expression Omnibus (GEO) and is accessible through the GEO Series accession number GSE96964. In total, 6 up-regulated circRNAs and 6 down-regulated circRNAs were analyzed using the ABI PRISM® 1. The relative expression of circRNAs was determined by the 2 -Ct method, and the data.
Detection of circRNA expression pro iles in tissue samples
Fifteen pairs of fresh frozen tissue samples (15 tumor tissues and 15 paired normal tissues) obtained from patients with OS were used in this study. Total was prepared by reverse transcription of the total RNA from tissue samples. The relative expression of the circRNAs that determined using the ABI PRISM® 7500 Sequence Detection System (Applied Biosystems).
Annotation for circRNA/miRNA interaction
The circRNA/miRNA interaction was predicted with Arraystar's homemade miRNA target prediction software based on TargetScan [15] and miRanda [16] , and the differentially expressed circRNAs within all the comparisons were annotated in detail with the circRNA/ Table 1 . Primers used in this study miRNA interaction information. The competing endogenous RNA (ceRNA) network of circRNAs was characterized by the use of an approach that was termed mutually targeted MRE enrichment (MuTaME) [17] . And the analysis of the circRNA/ microRNA/mRNA regulatory networks was conducted according to the target genes of circRNAtargeting miRNAs.
Bioinformatics analysis
Gene Ontology (GO) analysis was performed to explore the functional roles of circRNA-targeting genes in terms of biological processes, cellular components and molecular functions. Biological jp/kegg/), Biocarta (https://cgap.nci.nih.gov/ Pathways/BioCarta_Pathways), PANTHER (http:// www.pantherdb.org) and Reactome (http://www. reactome.org) were used to explore the pathways related to circRNA-targeting genes.
Statistics
Statistical analyses were performed using SPSS software, version 17.0 (SPSS Inc.). CircRNA tissue samples were analyzed using Paired t test. Correlations between the relative expression levels of circRNAs and their ceRNAs were analyzed using Pearson's correlation method. A P value of less than
Study approval
This study was approved by the medical ethical Sen University, and written informed consent was obtained from the patients or their guardians before sample collection.
Results
Analysis of differentially expressed circRNAs
In total, the expression of 4660 human circRNAs was detected by the Arraystar Human circRNA Array. Hierarchical clustering was performed to show all expressed circRNAs (Fig.  2) . Box plots show that the distributions of circRNAs for the eight compared samples were nearly the same after normalization (Fig. 3A) . Based on the statistical analysis of circRNA expression data, differentially expressed circRNAs were discriminated between the human osteoblast hFOB1.19 (control) and the human osteosarcoma cell lines group. Differentially top green line and below the bottom green line in the scatter plots shown in Fig. 3B . A total of 252 circRNAs were differentially expressed, consisting of 71 up-regulated circRNAs and 181 down-regulated circRNAs. And a heat map was drawn to show the top 20 up-regulated circRNAs and top 20 down-regulated circRNAs from all differentially expressed circRNAs Fig. 2 . A hierarchical clustering analysis shows the distinguishable circRNAs expression pattern among samples. The R software limma package was used for normalization. And data transformation was performed by using the basic functions of R software. The package gplots and function heatmap2 in R software were used for mapping. And the distance metric was euclidean distance. 
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Detection of circRNA expression pro iles in tissue samples
To determine which circRNAs played the most important roles in osteosarcoma, realtime qPCR was used to detect the expression of the selected 12 differentially expressed circRNAs noted above in 15 pairs of fresh frozen tissue samples (15 tumor tissues and 15 paired normal tissues) obtained from patients with OS (Fig. 4, M and O) . We noted that the The expression level of hsa_circRNA_103801 was up-regulated in both osteosarcoma cell lines and osteosarcoma tissue samples (Fig. 4C and 4N ). And hsa_circRNA_104980 was and 4P).
Prediction and validation of the circRNA/microRNA/mRNA interaction network
The most likely potential target miRNAs for hsa_circRNA_103801 include hsa-miR-370-3p, hsa-miR-338-3p and hsa-miR-877-3p (Fig. 5A) . The results of sequence analysis of microRNA response elements (MREs) are shown in Fig. 5B . The 2D structure shows the MRE sequence, the target miRNA seed type (8mer) and the 3' pairing sequence (nucleotides 13-16). The precise base positions are shown in the alignments in the upper left and right corners. The seed type 8mer represents an exact match to positions 2-8 of the target miRNA (the seed + position 8) followed by a base ' A'. The AU content 30nt upstream and downstream accessibility, while the black bars stand for G/C and low accessibility of the seed. And the extent of the accessibility is shown by the height of the bars. The position column shows the most likely relative MRE position on the linear presentation of hsa_circRNA_103801.
To identify and characterize the competing endogenous RNA (ceRNA) network of hsa_ circRNA_103801, we used an approach that was termed mutually targeted MRE enrichment (MuTaME) [17] . By using MuTaME, we sought to identify mRNAs that are targeted by hsa_ circRNA_103801-targeting microRNAs. The rna22 microRNA target prediction algorithm was used to generate MuTaME scores for the entire human protein-coding transcriptome [19] . And some authoritative studies have shown a low rate of false prediction for rna22 [20, top 10 potential hsa_circRNA_103801 ceRNAs are shown in Fig. 5C . A network diagram is drawn to show the circRNA/microRNA/mRNA interaction network based on the predicted target genes of hsa_circRNA_103801-targeting miRNAs (Fig. 5D) . And qPCR validation of the predicted ceRNAs for hsa_circRNA_103801 in human osteosarcoma tissues was performed. The result indicated that hsa_circRNA_103801 expression was correlated with expression of some predicted ceRNAs, one of which is TANC1 (Fig. 5E) . However, the expression of some predicted ceRNAs showed little correlation with hsa_circRNA_103801(data not shown), which may require further validation.
For hsa_circRNA_104980, the most likely potential target miRNAs are hsa-miR-1298-3p and hsa-miR-660-3p (Fig. 6A) . The results of the sequence analysis of MREs are shown (Fig.  6B ). The 2D structure shows the MRE sequence, the target miRNA seed type (7mer-m8) and the 3' pairing sequence (nucleotides 13-16). The precise base positions are shown in the alignments in the upper left and right corners. The seed type 7mer-m8 represents an exact match to positions 2-8 of the target miRNA (the seed + position 8). As mentioned above, presentation of hsa_circRNA_104980. showed that hsa_circRNA_104980 expression was correlated with the expression of some predicted ceRNAs, one of which is NFATC2IP. Although the P value was higher than 0.05, the result has shown the positive correlation between hsa_circRNA_104980 and NFATC2IP (Fig.  6E) . It may require further validation in more tissue samples.
Bioinformatics analysis
Biocarta, PANTHER and Reactome) were used to investigate the biological functions of two were based on mRNAs targeted by circRNAs-targeting microRNAs.
As for hsa_circRNA_103801, the biological process analysis (Fig. 7A) revealed that its target genes were mainly involved in biological regulation, lipid phosphorylation and regulation of molecular function, among other biological processes. The cellular component analysis (Fig. 7B) indicated that the target genes were mainly involved in the plasma membrane and Golgi apparatus, among other cellular components. While the molecular function analysis (Fig. 7C) showed that hsa_circRNA_103801-related genes took part in phosphatidylinositol kinase activity, guanyl-nucleotide exchange factor activity and Ras guanyl-nucleotide exchange factor activity, among other activities. circRNA_103801, including breast cancer, proteoglycans in cancer, pathways in cancer, and transcriptional misregulation in cancer. When the related pathways were ranked according to GeneRatio (Selection Counts/Selection Size), the top three related pathways were pathways Biocarta analysis (Fig. 7F) indicated that the most relevant pathway was VEGF, hypoxia and angiogenesis. And PANTHER analysis (Fig. 7G) showed that the top three related pathways were interleukin signaling pathway, FGF signaling pathway and hypoxia response via HIF activation. The Reactome analysis (Fig. 7H ) also suggested that hsa_circRNA_103801 was For hsa_circRNA_104980, the biological process analysis (Fig. 8A) found that its target component analysis (Fig. 8B) showed that the target genes were mainly involved in organelles, intracellular organelles and coated vesicles, among other similar cellular components. While the molecular function analysis (Fig. 8C ) revealed that hsa_circRNA_104980-related genes took part in binding, phosphoric ester hydrolase activity, and carbohydrate derivative pathways related to hsa_circRNA_104980, and the top 10 pathways are shown. And the related pathways were ranked in order of GeneRatio (Fig. 8E ). Biocarta analysis (Fig. 8F) indicated that the most relevant pathway was the information-processing pathway at the IFN-beta enhancer. And PANTHER analysis (Fig. 8G) showed that the related pathways of hsa_circRNA_104980 included Nicotinic acetylcholine receptor signaling pathway and p38 was related to asparagine N-linked glycosylation and cytokine signaling in immune system.
Discussion
Recent studies have demonstrated that circRNAs are an abundant, stable and conserved class of RNA molecules that can function as miRNA sponges in gene regulation to affect disease initiation and progression [8, [22] [23] [24] . Other studies have also revealed important functions for circRNAs, including protein sequestration [25] , transcriptional regulation [23] , and potential functions in cancer [10] . Therefore, circRNAs have been considered important biological regulators for understanding the molecular mechanisms of disease and identifying effective diagnostic biomarkers or therapeutic targets. analysis was conducted to identify circRNAs essential for the biological processes of osteosarcoma, which may provide potential targets for the development of novel diagnostic and therapeutic strategies against osteosarcoma. A total of 4660 human circRNAs were detected. There were 252 differentially expressed circRNAs, consisting of 71 up-regulated and 181 down-regulated circRNAs. Among them, 12 differentially expressed circRNAs were selected for validation. The great consistency of the microarray expression data, which supports the further functional analysis of the differentially expressed circRNAs.
Cellular Physiology
Following circRNA detection within the tissue samples, we found that hsa_ circRNA_103801 was up-regulated in both osteosarcoma cell lines and osteosarcoma tissue samples, while hsa_circRNA_104980 was down-regulated. This interesting result drove us to focus on these two circRNAs, but not on others. The result indicates that hsa_circRNA_103801 and hsa_circRNA_104980 may play an important role in the biological processes of osteosarcoma, such as cell proliferation, differentiation, and invasion, among other similar processes. Therefore, both prediction of the circRNA/microRNA/mRNA interaction network and bioinformatics analysis were conducted for a more comprehensive understanding of these two circRNAs.
In recent years, there is increasing amount of experimental evidence supporting the hypothesis that circRNAs may possess ceRNAs activity, which means circRNAs may have an irreplaceable role in regulatory RNA networks. And circRNAs may take an important role in regulating the biological behaviors of cancer cells through competitive binding with their target miRNAs.
The most likely potential target miRNAs for hsa_circRNA_103801 include hsa-miR-370-3p, hsa-miR-338-3p and hsa-miR-877-3p. Among them, hsa-miR-338-3p was found to be down-regulated in esophageal squamous cell carcinoma (ESCC) tissues compared with adjacent non-tumor tissues [26] . And the aberrant expression of hsa-miR-338-3p increased the risk of esophageal cancer. This result suggests that hsa-miR-338-3p may be a tumor suppressor gene, which is associated with the incidence and development of cancer. In our study, hsa_circRNA_103801 was up-regulated in both osteosarcoma cell lines and osteosarcoma tissue samples, which indicates that hsa_circRNA_103801 may be an oncogene in osteosarcoma and may promote the incidence and development of osteosarcoma by suppressing hsa-miR-338-3p activity.
Intracellular circRNAs with competing endogenous RNAs (ceRNAs) activity may compete with linear RNAs by binding miRNAs with MREs, which strongly reduce the ability of miRNAs to bind their target mRNAs and result in increased expression levels of these genes [7, 8] . In with the expression of TANC1, one of the putative targets of its putative target miRNAs (Fig.  5E ). This result suggests that hsa_circRNA_103801 may increase the expression of TANC1 through competitive binding with hsa-miR-877-3p, whose target gene is TANC1. Avirnenias a Rhabdomyosarcoma (RMS) neoplasia mechanism [27] . And hsa_circRNA_103801 may act as an oncogene and promote the incidence and development of osteosarcoma by ceRNA regulatory network. circRNA_103801, including breast cancer, proteoglycans in cancer, pathways in cancer, and transcriptional misregulation in cancer. When the related pathways were ranked according to GeneRatio, the most related pathway was pathways in cancer, which strongly suggests that hsa_circRNA_103801 may be of importance in the incidence and development of osteosarcoma. And we found that hsa_circRNA_103801 was also involved in the HIF-1 hsa_circRNA_103801 may promote osteosarcoma metastasis through the HIF-1, VEGF and angiogenesis pathways. And the Rap1 signaling pathway has been reported to regulate tumorigenesis and tumor progression [29, 30] . There is plenty of evidence showing the strongly indicate that hsa_circRNA_103801 may be closely related to the initiation and progression of osteosarcoma. The predicted ceRNA network can help to clarify the molecular mechanisms of hsa_ circRNA_103801 in osteosarcoma. We would focus on the biological functions and molecular mechanisms of hsa_circRNA_103801 in follow-up studies.
For hsa_circRNA_104980, the most likely potential target miRNAs consist of hsa-miR-1298-3p and hsa-miR-660-3p. But the biological functions of hsa-miR-1298-3p and hsa-miR-660-3p in cancer have not been reported. In the present study, hsa_circRNA_104980 was down-regulated in both osteosarcoma cell lines and osteosarcoma tissue samples, indicating hsa_circRNA_104980 may function as a tumor suppressor gene in osteosarcoma. GO analysis revealed that hsa_circRNA_104980-related genes took part in binding, phosphoric ester hydrolase activity, and carbohydrate derivative binding, among other similar activities.
were ranked in order of GeneRatio. The other annotation tools (Biocarta, PANTHER and Reactome) also suggested the related pathways of hsa_circRNA_104980, which may provide some useful information for understanding its biological functions. These bioinformatics analysis data could help to explore the role of hsa_circRNA_104980. Since the function of hsa_circRNA_104980-targeting miRNAs remains unknown, it is worth further study to determine the role of hsa_circRNA_104980 in osteosarcoma.
analysis could provide a comprehensive understanding of hsa_circRNA_103801 and hsa_ circRNA_104980, which may be involved in the initiation and progression of osteosarcoma.
further study of potential diagnostic biomarkers or therapeutic targets.
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